Transdisciplinary research approach requires that different scientists with their discipline-specific theories, concepts and methods find ways to work together with other societal players to solve a real-life problem. In order to put this into practice, Trans-disciplinary Action Research (TDR) approach was applied in this study using Push pull technology (PPT) as a boundary object. The study was conducted in Bako Tibe, Jimma arjo and Yayu Woredas (Districts) in the Oromia region of Ethiopia from August 2014 to April 2015. PPT is a biological based mechanism developed by researchers for stemborer pest control in maize. It involves inter-cropping maize with a stemborer moth-repellent silverleaf or Greenleaf Desmodium (push), and planting an attractive trap crop, Napier or Brachiaria grass (pull), around the maize crop. On farm PPT implementation was used to provide an opportunity for collaboration, interaction and learning among heterogeneous set of stakeholders comprising of researchers from Ethiopian Institute of Agricultural research and the practitioners from the ministry of agriculture and smallholder farmers/traders. The data was collected using mixed methods approach comprising of key informant interviews, Focus Group discussions, workshops, on-farm practical demonstrations and participant observations. The findings shows that; collaborative leadership provides a chance for the stakeholders to participate in the technology learning and decision making by enabling them to jointly contribute skills towards development, refinement and adaptation of PPT. In situations where there are conflicts, they are embraced and become opportunities for in-depth learning, finding solutions and adaptation rather than being sources of contradictions or misunderstandings. Leadership roles taken by farmers play a key role in terms of ability to reflect on their own practices and drawing on scientific explanations from researchers. It also enables them take lead in new technology implementation and information sharing in free and easy manner with fellow farmers and other stakeholders. Although PPT perennial nature of cropping provides opportunities for continuous stakeholder interaction and learning, it requires a personally committed leadership and formal institutional engagements for the sustainability of its activities spanning over several cropping seasons. Market forces and the involvement of private sector players also has a role to achieve this as shown from the involvement of individual farmers and traders in Desmodium and Brachiaria seed production, collection and distribution. Peer-reviewed version available at Sustainability 2018, 10, 2378; doi:10.3390/su10072378 2
Introduction
The uptake of academic research into policy and practice requires the input and active participation of other societal stakeholders. In transdisciplinary research, the non-academic or lay persons participation bring multiple knowledge and expertise which is vital to the research process where it is framed and conducted with flexibility (Bracken et al., 2015) . Indeed, it is almost impossible to ignore transdisciplinarity when engaging in sustainability research and vice versa. This is because; these approaches are aimed at solving the society's challenges. The challenges require new ways of knowledge generation and decision making from the involvement of the diverse stakeholders including those from outside academia (Lang et al., 2012) . The process is promising when these approaches have clear set out goals and competent management to facilitate creativity, innovation and manage conflicts which may exist or arise out of the stakeholder engagement (Wright et al., 2015) . The Participation of non-academics is in fact democratizing the research process and is meant to produce better and socially robust research outputs (Hirsch Hardorn et al., 2008; Hoppe, 2005; Lang et al., 2012; Nowotny et al., 2004; Stauffacher et al., 2008) . The heterogeneous nature of participants and their contributions add meaning on the research agenda and to decision making. Thus, making the knowledge production a democratized process to such an extent that, the dominant and non-dominant actors have equal access and ability to contribute towards solving societal problems (Bunders-Aelen, et al., 2010) . According to Popa, et al (2015) , transdisciplinary research, aims at establishing a form of collaboration which empowers stakeholders to influence the research, to question and to modify the dominant structures which guide epistemic processes. In other words, the process enhances mutual learning for knowledge production between researchers and other stakeholders, and to bring about empowerment of the participants either through education on areas of interest or to have their agenda and perspectives integrated in the knowledge production process (Siebenhüner, 2004) . Authentic and inclusive participation empowers the stakeholders to become better agents of change in their community from problem identification to implementation (Mobjörk & Centrum för urbana och regionala studier, 2009; Mobjörk, 2010) . This model of research in sustainability science has embraced a sequence of stakeholder engagement and involvement from that of informing to consulting to collaborating and to empowerment where practitioners are given authority to implement the research findings (Harris & Lyon, 2014; Reid et al., 2016) . In this case, empowerment is seen as a process of providing stakeholder with the power to make decisions right from research planning to the use of the findings. Such kind of empowerment is bound to take place when is linked with leadership and innovation (Schäpke, et al., 2017) .
Such innovative processes on joint innovation implementation require leadership with strong advocacy at scientific research and practice levels and, at the same time, willingness to play a central role in the promotion of a free and divergent thinking, risk taking, and readiness to challenge the established methods, theories and practices (Henriksen, 2011) . Thus, the study was aimed to explore how PPT can be effectively used as a boundary object in a transdisciplinary research process to strengthen such collaborative leadership and the empowerment of different actors across science-practice boundaries engaged in stemborer pest control. Researchers, extension workers and farmers jointly worked together during all the critical stages of PPT implementation from planning workshops to farm establishment, management and evaluation stages. Collaboration among the stakeholders was instrumental to ensure that their engagement and interaction worked in terms of learning and effective PPT implementation. This paper highlights how during PPT implementation, the collaborative leadership was enhanced among the stakeholders especially the smallholder farmers and contributed to empowerment, creation of new linkages and relationships for the sustainability of PPT.
Definition of Key Terms.
Agricultural Innovation: Refers to the "development or adoption of new agricultural technologies, concepts or ideas, and/or successful exploitation of new ideas. It also embraces the totality and interaction of actors involved in the development of the ideas" (World Bank, 2006: p, vii) .
Boundary objects:
"These are objects which are both plastic enough to adapt to local needs and constraints of the several parties employing them, yet robust enough to maintain a common identity across sites. […] . This is an analytical concept of those scientific objects which both inhabit several intersecting social worlds and satisfy the informational requirements of each of them" (Star &Griesemer, 1989: p, 393) .
Transdisciplinary Research (TDR):
Researchers and other societal players work together by integrating their knowledge and perspectives into a shared problem definition (Rosenfield, 1992; Ul-Hassan et al., 2011) to solve a real life problem. In this study, TDR is operationalized to refer to joint efforts of research scientists consisting of entomologists, chemical ecologists, weed scientists, social scientists, and other stakeholders consisting of farmers, traders, extension service providers (public or private sectors), input suppliers, NGOs, community based organizations and farmer groups/associations working together in PPT implementation.
Push-Pull Technology:
Refers to a cropping strategy for controlling stemborer pests and Striga weed in maize where it is intercropped with a stemborer moth repellent fodder legume, Desmodium (the push) with an attractant trap plant, such as Napier grass (the pull) planted around this intercrop (Chamberlain et al. 2006) . In this study PPT is operationalized as a boundary object.
Stakeholders: Refers to a person, a group or organization who have interest or concern and are affected by the innovation or their activities strongly affect the performance of the innovation . In this study stakeholders include; Researchers, farmers, traders, extension service providers (public or private sectors), input suppliers, NGOs, community based organizations and farmer groups or associations.
How PPT Works
Push-Pull Technology (PPT) strategy is a multi-functional innovation platform that addresses concurrently cereal production constraints of stemborers, Striga weed, low soil fertility and low soil moisture retention. In the strategy maize is intercropped with a stemborer moth repellent fodder legume, Desmodium (the push), together with an attractant trap plant, Napier/Brachiaria grass (the pull), planted around maize-legume intercrop (Fig. 1) . The green leaf volatiles produced by Desmodium repel stemborer moths while those produced by the trap grasses attract them (Chamberlain et al., 2006) . In addition, Napier grass or Brachiaria grass does not support all stemborer larvae to develop and hence the majority of them die before reaching adulthood (Khan et al., 2007) . Besides stemborer control, Desmodium also suppresses and eliminates Striga, leading to significantly enhanced maize grain yields . Studies have identified the mechanisms by which Desmodium suppresses Striga, with an allelopathic effect being the most important one (Tsanuo, et al., 2003) . Desmodium roots produce a blend of chemical compounds, some of which stimulate Striga seeds to germinate while others inhibit lateral growth of Striga roots, thereby hindering their attachment to maize roots, i.e. suicidal germination (Khan et al., 2000; Tsanuo et al., 2003) . Striga emergence is thus suppressed, with an in situ reduction of soil seed bank (Khan et al., 2002) . In addition, PPT supports; crop-livestock integration through fodder provision, soil improvement, agro-ecosystems resilience through crop intensification, income generation and meeting food security demands of smallholder farmers (Khan, et al., 2008) .
Currently over about 100,000 farmers are practicing PPT in East Africa (Khan et al., 2014) . However, this number of farmers is still low compared to the intensity and magnitude of the biophysical constraints and the population of smallholder farmers in the east African region whose livelihood could potentially be improved with the implementation of PPT. In addition to addressing the problem of pests, in this study PPT serves as a platform upon which scientists and stakeholders can come together to learn, integrate their different perspectives, and complement each other, resulting in the generation of new practices and knowledge meant to solve real-life problems.
Figure 1. How Push Pull Technology works
Source: www.push-pull.net
Methodology: Transdisciplinary Action Research process
The implementation of the study was based on transdisciplinary action research (TDR) process (Siarta et al., 2012) and drawing on the experiences of the Follow the Innovation (FTI) approach which was developed by the Center for Development Research [ZEF] in the context of Uzbekistan's agriculture (Hornidge et al., 2009; Hornidge et al., 2011) . Action research design is an interactive, collaborative and rigorous iterative process which engages practitioners in managing systematic enquiries to improve their practices and better realize their desired outcomes and contribute effectively towards the longer term goals Kohler, et al., 2011) . It is a systematic (Fig. 2 ) and participatory paradigm that supports transdisciplinary reflective learning, communication and co-operation between the different stakeholders in the learning and knowledge production for addressing the real-life problems, developing innovative solutions and incorporating them in new action strategies (Bortz & Döring, 2003; Siarta et al., 2012) .
As a joint process, the transdisciplinary action research was used as a strategy to enable learning among researchers and other stakeholders, to share their knowledge and experiences towards the production of locally adaptable knowledge (Miller et al., 2008 , cit. in Dessalegn, 2013 in this case, the control of stemborer pests in maize. The team of researchers consisted of an entomologist, chemical ecologist, weed scientist, social scientist whereas other stakeholders included farmers, agro-dealers, public extension service providers and smallholder farmers. TDR is premised on good communication between researchers and other stakeholders to ensure that knowledge sharing and learning takes place with eventual empowerment and development of new knowledge or practices. PPT implementation followed maize crop agronomic and management practices spanning from before and after harvesting. This included but not limited to land preparation, planting, weeding, harvesting of either as green maize cobs for roasting or dry cobs for cereals, harvesting Desmodium and Brachiaria grass for fodder for livestock and seeds. After harvesting maize, the process involved off-cropping season activities mainly on the process evaluation of the learning outcomes and impacts. 
Data collection methods
The data collection process was using qualitative methods. The process engaged 37 key informant interviews (KI), 16 Focus Group discussions (FGD), 2 stakeholders' workshops, on-farm practical demonstration and participant observations (PO). The study lasted 8 months from August 2014 to April 2015. The KI interviewees were mainly researchers, extension and administration officers from the ministries and farmer leaders. The FGD participants were PPT farmers and their neighbors. The PO were based the researcher's observation during on-farm practical demonstrations and workshop discussions to Joint Planning and design
Joint on Farm PPT Implementation
Evaluation of the process Joint learning and knowledge production document observations on the attitudes, behaviors and actions of the participants. The data collected was on: the background information on stemborer pest's problem; the past experiences on stemborers pest problem in cereal crops mainly maize and sorghum and effect on yields, type of control measures they were applying and the effectiveness, alternative control measures so far used, how PPT management practices were different from usual practices, new opportunities, practices and knowledge gained and challenges faced and the suggestions on what; is required to be improved to make PPT more effective, incentives to be in place for sustainability and attract other players to participate in PPT implementation.
The Study Area
The study was implemented in three Woredas in Oromia Region in Western Ethiopia, namely Bako Tibe, Jimma arjo and Yayu (Fig. 3) . These sites were identified in Ethiopia using a GIS based 'hot-spot' approach by African and German partners of the BiomassWeb project 1 . The Woredas are located in the western parts of Oromia and were selected as the potential 'maize growing basket' of Ethiopia (Abate et al., 2015; Abdissa et al., 2001 ) in which the "livelihood of local communities […] traditionally stands on household-based subsistence agriculture, extensive use of forests and cultivation on considerably small plots of agricultural land with an average of one hectare of cropland mainly for the cultivation of staple cereals such as maize, teff and wheat" (Stellmacher and Grote, 2011: P, 10) . The soils in the areas are either severely degraded due to nutrient depletion, and/or poor in organic matter from continuous monocropping and unsustainable farming practices. Insect pests, principally stemborers, are major cereal production constraints (Assefa, 1998; Belay & Foster, 2010; Getu et al., 2001 ). According to Hurni (1998) , the area is characterized mainly by mono-modal rainfall, with short rains in March and April, and long rains from June-October, with a distinct dry season extending usually from November to February. The PPT implementation process was undertaken based on a joint and collaborative environments from workshops to on-farm discussions and activities, where the researchers and other stakeholders interacted, contributed and applied their knowledge and practices on how PPT activities could be undertaken to address the problem of stemborer pests and other challenges such as fodder for livestock, soil and water conservation. During the processes, the researchers' contributions were based on their scientific knowledge mainly from laboratory and on station research experiments while the farmers and extension staff contributions were based on their experiential and on the day to day encounters with these problems at farm level. In the conventional research-extension-farmers linkages, the farmers are regarded as mere recipients of the already tested and ready to use knowledge or practices. In the joint stakeholder implementation of PPT, it was a different approach to overcome such boundaries which exists between research and practice whereby the farmer stakeholders are empowered and have a role to play in bridging the gap between research and practice and to make the linkage stronger and more effective.
Previously, efforts have been made to break research-practice gaps through the introduction of new technologies in Ethiopia (Deneke and Gulti, 2016) . But in a situation where there are different levels of participation and the farmers are the recipients of technologies and the research and extension organizations are controlling resources for implementation, it is not easy to eliminate the gap (Wenger et al 2002; Deneke and Gulti, 2016) . Such type of relationship with the farmers has tuned and conditioned them with the belief, whenever new technologies are introduced; their level of participation is limited to following and adhering to instructions from researchers and extension staff (Wenger et al., 2002) .
However, this study the initiative of transdisciplinary research approach was seen as an opportunity for empowerment through bestowing confidence in the farmers and making their views, knowledge and skills shared with researchers and extension staff on an equal basis. The new skills learnt and knowledge generated from such interactions was meant to inform further research and practice. Although it takes time for such initiatives to become fully entrenched in the way of conducting research and extension activities, the good intention was to initiate and nature such sort of leadership amongst the farmers.
In Ethiopia, the extension staff tends to serve as agents of centralized political power in their respective
Woredas or Kebeles. In the course of their work, they are mostly engaged in delivering political messages and undertaking tasks on behalf of the ruling party such collecting taxes under the cover of extension work (Berhanu & Poulton, 2014) . Under such circumstances, the farmers lose trust whenever new initiatives are introduced by the same people who they suspect to have an underhand for the 'state authorities'. However, in a situation where there are efforts to build the trust and confidence, the farmers are able to take the initiative seriously and even to a step further. For example, the sustainability of PPT is not only dependent on its performance, but on market forces from supply and availability of seed inputs.
In addition, it is depended on leadership initiatives from micro level i.e. at the household level where the head ensures that all members of the household participate and are empowered with PPT based skills. The farmer is able to organize and allocate his farm family in terms of labor and responsibilities on PPT activities. In this case, PPT is implemented as an enterprise where the different family members are empowered to exploit the various benefits and opportunities which come with the technology e.g. from seed production, fodder production for livestock fattening, milk production and marketing. This is also in anticipation that one of the family members is incapacitated or moves on to other activities, the rest of the family members are able to continue with the technology implementation.
This sort of leadership at family level is built from the confidence and empowerment made on the farmers whereby their role is recognized by both research and extension professionals. The farmers' leadership was demonstrated by their ability to initiate, conduct experiments and take decisions freely regarding the PPT implementation. For example, researchers recommend the establishment of PPT using line planting where the seeds are sown in holes or drills using a straight line. However, the farmers in the study sites preferred to use ox-drawn ploughs to drill the lines (Fig. 4) . These lines may not be straight as required or recommended by the research or extension, but the farmers in a participatory and democratic learning process; they were able to make decisions and had valid reasons on what works best for them. This was different from previous relationships where they were dictated by the DAs or local administration and researchers on what to do during on-farm trials. This time round, they were able to use own measurements and tools:
"The joint implementation of PPT enhances participatory leadership in its approach whereby it enables everybody from farmers to researchers to participate in the technology. Thus enabling all the participants (i.e. stakeholders) to develop and contribute skills to manage its implementation and also push the research agenda… The farmers had confidence with the promoters of the technology. This was based on the reputation of PPT which they heard; it has been researched vastly and there were a lot of experiences to draw from other countries in the eastern African region such as Kenya, Uganda and Tanzania. They share similar circumstances with farmers from these countries who are also faced same stemborer challenges. They were flexible and at ease to make decisions about the PPT from the beginning. In their own circumstances as Ethiopian farmers, 2-3 cropping seasons with PPT, is when they shall have had own concrete experiences. At the moment, they were optimistic:
"icipe Director General is Ethiopian and she is supporting this technology…. She is fully aware of its benefits, so we shall fully embrace it and make it a model. What she thought for her country and population to come out of poverty and challenge of being faced with pests, erosion, and fodder. We are receiving this information through the extension and researchers at the local level" (PPT farmer,
Bako Tibe, April 2014).
In addition to cereal crops, farmers grow horticultural crops for household consumption and for the local Weeds compete with the maize crops for nutrients and moisture. It is assumed that the farmers should free their maize off weeds even when the crops have matured. However, the farmers had a different perspective. At the later stages of maize growth when they start flowering or forming grains, the farmers stopped weeding. From their point of view, the weeds together with maize stalk leftovers were to be used as fodder for livestock after harvesting the maize cobs. At the same time, weeds retain soil moisture due to sufficient soil cover. With the introduction of PPT, some farmers in the area saw similarity with weed retention. They were able to connect with what they already knew and what the PPT had in store for them. Instead of previously leaving weeds to grow with their crops, the introducing Desmodium was a novel idea. It address the stemborer problem and as an additional source of fodder. This helped to dispel the rumors which were initially spreading in the study areas that Desmodium was a weed being introduced by researchers and extension staff. However, only a few farmers could see or overcome the rumored messages. The group of farmers who went ahead to implement PPT despite the rumors became the lead farmers and eventually they are seen as leaders to their community. They embrace leadership role for fellow farmers to emulate. Desmodium was weed and wild plant being introduced into their farms to bring unnecessary competition with food crops or to be just a nuisance. According to some of these farmers, Desmodium was annoying.
It gets stuck on cloths when walking through or weeding their maize fields. Some of them knew Desmodium as a wild plant growing on the farm hedges or in the forest and couldn't comprehend the fact that it can be an intercrop with maize. At the same time, freely roaming of grazing livestock is a common practice in the area after harvesting maize. Therefore, to some of these farmers and some of the researchers and extension staff, the introduction of PPT was not likely to work. In particular, this was because, immediately after harvesting, livestock are released to roam freely through their farms. This potentially will destroy the perennial PPT companion crops. However, such doubts were expected because PPT was being introduced into the area for the first time. The emergence of negative rumors, lack of prior and correct information are some of the key areas concern which had to be understood and addressed from the beginning of the implementation process to allay any further fears on the technology.
However, these issues are what turned out to be the key learning points or resources for learning (Akkerman & Bakker, 2011 
Farmer Leadership in Push pull Technology and related activities
The transdisciplinary research using PPT implementation as a process was meant to empower and also enhance leadership through hands-on and joint learning among the farmers in particular. During various activities of PPT implementation, the farmers had frequent interactions with scientists/extensionists, they tended understood and learnt the performance, benefits and challenges of the technology. For the first time, group of farmers who took the initiative and were confident they established PPT on their farms.
These farmers are referred as PPT farmers and the rest other farmers who were learning from them were the follower farmers. The PPT farmers turned out to be farmer leaders in their own right through sharing and extending information about to fellow farmers during events such as field days and take on the role as the farmer teachers (Amudavi, 2009a; 2009b) while at the same time playing a key role as key stakeholders in the research process. This statement was echoed by an extension expert:
"PPT has become a "school feed", produces a lot of knowledge, food to feed us humans and livestock… most farmers resist new technologies, but the model farmers accepted to lead the implementation of PPT for the first time…. Other farmers from other Woredas will learn from their example by attending such field day's events which is an important platform for learning and experience sharing" (Extension expert, Bako Tibet, during PPT farmers' field day Sedan Kite
Kebele, March 2014).
PPT was introduced into Woredas for the first time at the farm level during the period of this study (Table   1 ). The first farmers who took the initiative to participate in the implementation of the technology became the lead PPT farmers. They also played a facilitator role in ensuring that the researchers, extension and fellow farmers were welcomed and freely interacted in their farms/homes. These farmers can be equated in the category of the opinion leaders (Rodgers, 2003) . Opinion leadership is whereby an individual farmer is able to informally influence other farmers to change their behaviors (Cross et al., 2003) . This group of farmers was similar to other farmers in their groups. The only exception, they were the first group of farmers who were willing to take new initiative of establishing PPT on their farms for their individual benefits and also for their community in general. This group of farmers easily identified or selected by fellow farmers based on their history of their commitment, initiatives and activeness in sourcing and implementing new information to improve agriculture in their farms. In this study, many other farmers were eligible for participation and indeed implement PPT, but not all of them were ready to start the process at that time. This was mainly associated with the season when the study was implemented. During the season, majority of the farmers had either planted maize, was interested to grow horticultural crops such onions, cabbages and tomatoes or had not access to irrigation. The PPT farmers were growing maize crop during the short rainy season and had access to irrigation waters.
The PPT learning plots were established and placed under the management of the host farmers. new knowledge gained by these farmers was hoped to be freely shared with their fellow farmers through social events such as community meetings, market places and even churches. Their social standing in the community through undertaking such new initiatives was also elevated. It was hoped that it could eventually lead to a "critical mass" of learners who were expected to adopt PPT in the subsequent cropping seasons. As time goes by these farmers, combined with to their elevated social status, they turn out to become the opinion leaders on other productive sectors of their community apart from agriculture.
Thus it is difficult to evade the conventional wisdom whereby such farmers turn out to be mediators of new development activities into their community. This is an indication that all the farmers are potential leaders from the beginning if they take active role to participate in learning and implementing new initiatives. To be able to illustrate this aspect in detail, I will take an example one of the PPT host farmer. During further discussion with the irrigation expert, he had the same farmer in mind, from Kebele A, he commented that, farmer was always willing to offer his rented farm for trial of new technologies. He is a lead farmer and risk taker and previously he had participated in the establishment of trial plots of other new technologies such as tree nursery for agroforestry and Napier grass nursey for fodder production in his community. PPT is among these initiatives he is keen to try and bring to fruition by working closely with the researchers and extension staff. "Apart from the immediate benefits such fodder, reduced pest infestations and soil conservation properties, PPT is a promising technology" The farmer commented. This particular farmer was able to talk easily and with confidence about the new PPT because he had understood how it works and it was practically existing and implemented on his farm. He took it upon himself to become as a leader in information sharing with fellow farmers and school going students who had interest in learning the technology. The 'teaching' aspect is what motivated and made him pay attention during interaction with researchers and extension staff to learn great detail and later to respond with accurate information to questions was raised by those seeking know more about PPT. Combining with his own intuition with local knowledge and understanding crop-pests interactions and practical observations, he was able to talk about PPT freely and easily. This according to him, it was indeed science demystified and gave him an opportunity to become a leader. Apart from stemborer challenges, he was motivated to participate in PPT to address other problems of soil erosion and mono-cropping culture. These practices contribute to soil fertility losses in the area and PPT was seen as a novel idea which was fitting into and has potential to address them. Majority of fellow farmers have no experience or knowledge on cereal crops intercropping practices and are dependent cereal-livestock production systems. They are constrained by perennial fodder shortages. To these type of farmers, PPT was an opportunity to learn and share wide ranging knowledge and practices.
"Apart from pest control, food and fodder production to environmental conservation, PPT is easy to understand and use despite the underlying scientific principles at play. The resource constrained farmers are not able to afford expensive farming inputs aimed at increasing productivity such as fertilizers and pesticides," (Interview PPT farmer, Bako Tibe, March 2015) .
Another example is a farmer, from the neighboring village B who had actively participated as lead farmer in other technologies previously introduced in the village, thus his social standing was already elevated.
Whenever new opportunities arose, he still stands out to be selected by fellow farmers and local administration as their farmer leader.
"I have participated in other extension packages such as tomato, onion, and maize production. The selection of farmer leaders was undertaken by the other farmers who had trust, confidence and were comfortable to have one of their own to take lead and whom they could learn from. Their elevated social status after participation in new technologies was a motivating factor for other farmers with similar backgrounds to emulate. Although it may seem to be pointing to replicating the 'farmer opinion leadership' where an individual farmer is believed to influence other farmers' attitude and opinion (Rogers, 2003) , but farmer participation in PPT was a different. It involved participation of other stakeholders (academic and non-academic researchers) in sharing of their diverse forms of practices, expertise and knowledge on stemborer pest control and their input and contribution to the research process was as a result of joint efforts.
PPT Implementation: An opportunity to Manage or to Escalate Conflicts?
The introduction and implementation of PPT in the study area had mixed blessings. Not only it brought new knowledge on managing stemborer and other benefits, but also new dimensions of conflicts which were not expected nor existed before.
"Initially we had an informal agreement on water use and allocation mainly for irrigation purposes. Now with the introduction of PPT, some farmers who didn't understand about the technology started questioning why water was diverted to these plots…This caused us to have irrigation water use conflicts, forcing us to irrigate PPT plots at night with the aid of torch."
(Interview with PPT Farmer, sedan kite Kebele, Bako Tibe, March, 2015) .
The implementation of PPT in the area had contributed to the emergence of water use conflicts which had not been experienced before. The conflict was as a result of using irrigation water in PPT plots as a supplement to low rainfalls in the area during the period of the study. The result may be seen as a negative outcome, but it brought the problem into attention under the ministry of water and irrigation for an intervention. Previously, water use agreements in the area were informally set up among the farmers who were practicing horticultural farming and other users along the Gibbe River. However, with the introduction of PPT, it generated mixed reactions on water use allocation which was on high demand from many users along the river. According to the horticultural farmers and other users, there was no water allocation for PPT. That means, the allocation was causing unnecessary demand on the already scarce irrigation water. Despite the allegations, the PPT farmers attributed these conflicts to jealousy from their fellow farmers. This was because; the PPT farms were outperforming the horticultural crops in terms of productivity and market prospects. Previously, without PPT, some of these farmers were planting maize using the same water and such conflicts were not witnessed. In order to manage the resultant conflict from escalating or recurring in the future, the officials from the Ministry of water and irrigation who were part of the research team, together with other stakeholders, convened a joint meeting and agreed to have a formalized the water use arrangement. This was a bottom up approach of formalization through stakeholder mobilization and engagement. The agreements were put on paper with a clear outlines on who, when, where and amount of water allowed to be used for irrigation along the river taking into consideration of other users downstream on the Gibbe River, which cuts across many Woredas in the region. According to Gray (2008) , absence of conflict resolution is a detriment to any form of transdisciplinary collaboration which requires integrating of diverse aims and interests among the stakeholders. Leadership with process skills to manage and facilitate conflict resolution plays an important role the success or failure of transdisciplinary efforts (EU SCAR, 2012; Gray, 2008) .
Some of the farmers, extension and researchers were skeptical on the introduction of PPT. Some researchers referred Desmodium as a weed introduced into farmland. "Desmodium is an obnoxious weed.
When introduced into the farmland, it competes for space and nutrients with the main crop and it is nonedible for humans." A senior researcher at Bako research center made such comments based on the experience he had on intercropping maize using edible legumes such as cow peas and soya beans as protein sources and also improving soil fertility. He had not witnessed the performance of Desmodium as a maize intercrop under PPT.
At the household level, one of the lead farmers in Jimma Arjo Woreda area and his wife had a domestic brawl as a result of the introduction of PPT in their farm. The wife heard a rumor that, once established, PPT crops stay on-farm forever, and therefore their land will be taken over by the promoters of the technology. "My wife was skeptical and lost interest in the technology. She felt that I have been misled and sold out the land without her knowledge," the lead farmer comment. To this particular farmer's wife, this was some sort of land grabbing where she could lose access to her land which she previously could grow crops for her family livelihood.
Land is an important resource in terms of investment and food production opportunities for the socioeconomic and environmental wellbeing of the owners. So when the same land is acquired by outsiders who are either individuals or companies to serve their interests at the expense of its owners, it can be seen as land grabbing. Under smallholdings in densely populated areas, land grabbing can also take place through introduction of commodity crops by multinational companies e.g. sugar cane, tea, coffee, Jatropha etc. These crops are perennial i.e. they are planted once and remain in the farm over the years. In most instances the owners of the land are poorly informed of the consequences of the investments and growing certain crops on their farms. There are a number of reasons given by the proponents of such land transactions e.g. food production, technology transfer, job creation and infrastructure development in those areas. For example, they argue that, such investments on land will enhance and close productivity yield gaps through the supply of high capital agricultural inputs such as irrigation and other technologies (Anseeuw et al., 2012) . With awareness creation and information availability either through media or civil society groups, the farmers are becoming sensitive with new technologies which are tailored or based on land investments. PPT is such an example. It was introduced as a new technology with perennial companion crops planted under smallholder farming systems. At the same time it was being introduced by researchers from other countries. With this type of technology characteristics, PPT can be easily attached to negative rumors linked with land grabbing.
There was no formal Memorandum of Understanding (MOU) among the stakeholders with details on collaborative working arrangements between the researchers and extension staffs from different ministries and departments. The working arrangements were based on individual commitments by the staffs from the different department. However, between partner organizations, it was not smooth running. For example, some of the stakeholders were interested in payments to participate. They were seeing the PPT implementation as not part of their mandate or their acknowledgement was unspecified. Some of the extension personnel and researchers felt that participating in PPT implementation was conflicting with their day-to-day activities unless it was formally arranged. The MOU concerns were necessitated by the fact that previous initiatives on joint stakeholder engagements had not yielded tangible results but limited to boardroom agreements. For example, the Agricultural Development Partners' Linkages Advisory Council (ADPLAC) was meant to strengthen linkages among researchers, extension staff and farmers.
However, this has not been easy to operationalize overally due challenges from lack of actor commitment, financial limitations, staff time to frequent transfers turn overs. Therefore, it was hopped that MOU based on PPT activities with specific stakeholders could a better way to learn how to deal with these kind of bottlenecks.
The introduction of PPT in some instances caused conflicts by challenging the locally entrenched practices by the farmers themselves and even the extension and research officials. However, the emergence of conflicts as a result of new ideas from PPT, it was embraced and used as an opportunity for in-depth learning about the technology and also to find solutions and its possible adaption.
According to (Suchman, 1994) The joint implementation of PPT by researchers and others stakeholders, especially to the farmers, it came in with new information which was inconsistent with their usual maize cropping practices, thus creating an uncomfortable psychological state due to uncertainty from what the technology had in store for them and were not sure about. However, this can be overcome by working in concert and combining different ways of knowing and learning among different social actors (Siebenhüner, 2004) .This challenge stems from the fact that lack of effective communication between such individuals who are not similar may cause cognitive dissonance (Cross et al., 2003) . Medlin (2001) indicated that such differences as technical competencies, cultural beliefs, and social status in the community and language barriers may lead to mistaken meaning, thereby leading to distorted or even unheeded messages. Indeed to be able to break or span between these different states, the interaction among the stakeholders on a continuous basis was a necessary input which PPT was expected to provide. Such longevity has been specified, that PPT activities should last at least 2-3 maize cropping seasons for effective performance and learning to take 
Sustainability of PPT as an Innovation: New Linkages created during the Transdisciplinary

Stakeholder engagement
The implementation of PPT is associated with either stemborer pests control, Striga seed bank depletion in the soil or provision of fodder for livestock. This is based on the immediate results or the products farmers benefit from practicing PPT. However, beyond these benefits lies the issue of PPT sustainability.
Apart from the durability and effective performance of the companion cropping, its sustainability is depended on the strength of relationship and learning processes which occur among the stakeholders, type and nature of new enterprises and activities which are created as a result of its implementation. Equally PPT sustainability concern is whether these activities will continue being implemented by the farmers over successive seasons and fitting or adapting to the already existing cereal crop based farming activities.
During this study, new ideas and issues were raised and discussed by the stakeholders regarding the question on sustainability of PPT.
Opportunities for interactions
The transdisciplinary action research and the practical on-farm nature of PPT implementation provided frequent interactions and continuous learning on its workings and even challenges for both researchers and other stakeholders. This was evidenced by their comments:
"PPT is a unique technology. I think it is sustainable based on its integrated nature, and continuous learning on step by step basis…. There are many questions which can be raised and answered with the introduction of PPT on the farm. The major one being, it is addressing the serious challenge of stemborer pests in maize production…. Yes, we can have the best breeder seed, best fertilizer, enough rainfall and well prepared field, but without a sustainable, affordable pest control, still productivity will be affected or reduced. You may have all the capital, but if no pest control, you still have low crop yields. In the future, this technology has lots of potentials."
(Interview with Bako researcher, April 2015).
"PPT is a useful technology for the new generation of farmers. This is because it lasts longer in the field and provides opportunities for continuous learning and interaction…..The farmers have started to understand how environmental factors contribute to pest problems and how the same can be used on their management…." (Interview PPT farmer, Bako Tibe, March 2015) .
"I had many questions in my mind on the sustainability of this technology. Now, slowly, the questions are being answered" a follower farmer commented during FGD. Farmers like to participate in new technologies which can give them flexibility to improve in their farming enterprises or maximum returns on their investments. For example, the minimum average plot size recommended for PPT is about 600M 2 . In the study area, due to population increase, the land is scarce and most farmers own less than two ha of land. PPT plot require management practices which farmers can acquire with time and when convinced with the performance results, they can expand to the entire farm or if not convinced, they can drop the technology. This makes the practice of PPT a learning journey. For example, in the case of Striga control, PPT requires up to 6 cropping seasons to have the Striga seed bank almost fully depleted from the infested soils (Khan et al., 2008) . The benefits such as fodder and stemborer control are witnessed within one maize cropping season. This requires patience to get full benefits and even to make decisions. During the interaction process among the stakeholders, PPT provided opportunities for learning about other farming methods and related enterprises e.g. farmers were able to learn how to plant maize under irrigation. In the past, farmers in the study area have been growing horticultural crops using irrigation. Currently under irrigation the PPT farmers were produce maize for food and additional fodder for their livestock using irrigation. During dry seasons, most farmers don't participate in cereal crop farming and the let their livestock to roam freely scavenging for scant fodder in the harvested fields. This not only affects the production levels of the livestock, but also contributes to environmental degradation through overgrazing and destruction of vegetation cover. Push pull technology had shown the potential that these negative environmental conditions can be addressed and even reversed:
"….Land for grazing is reducing and slowly in-door feeding is gaining currency in the district.
Ethiopia has highest number of cattle in the region, but the quality and productivity is poor due to low quality feeding. Therefore, PPT is part of the solution in terms of complementary fodder production for livestock in the area." Interview, livestock production expert agriculture, Bako Tibe, April, 2015.
The application of PPT as a method for stemborer pest control had not been used previously by the MOA officials in the study area. Despite this, as decision makers, their commitment and policy support was needed from grass root to national levels of administration. The commitment shown from farmers on learning and willingness use the PPT was an encouragement for the officials to provide the necessary support. This is what culminated to the inclusion of PPT as part of MOA extension and soil and water conservation programs. PPT was included as part of the Ministry's programs Integrated Pest Management (IPM) and also in the soil and water conservation measures. This was because it was complementing the already existing efforts. For example, the MOA officials encouraged farmers to plant Brachiaria grass along the farm borders and slopes and intercropping maize with Desmodium to reduce surface water runoff and prevent soil erosion. In the past, the same program promoted the use of vetiver grass as a cover crop; however, due to the turf nature of its leaves, it is not preferred for harvesting as fodder for livestock.
Brachiaria grass was preferred alternative to vetiver grass, which has same growth and conservation
properties, but with soft leaves makes it easy for feeding livestock.
The soil and water conservation such as terracing, planting grasses on the hillsides or planting trees in the country are conducted as mass campaigns mainly with long term objectives. The difference with PPT, it was a done on personalized contact with individual farmers and the conservation benefits have both immediate and long term returns e.g. Brachiaria grass providing fodder and stabilizing soil on the hillsides. Despite the fact that the technology was proving as a potential platform upon which both immediate and long term farming enterprises be built, the sustainability question was still lingering in the minds of the stakeholder engagement/research team. To address the sustainability issues of PPT, the team raised and discussed among other issues, on the potential linkages with new market opportunities and also as content for training agriculture students in the technical and vocational centers.
Promoting PPT-based new market opportunities
The implementation of PPT came with new market opportunities for the farmers and other stakeholders to participate i.e. commercially-oriented farming. Some of these farming enterprises include dairy, beef (fattening), commercial seed production and agro-dealership for PPT inputs. The coming together of several actors creates a market place; network of PPT practitioners with a broad-based social capital to draw from and also for learning and dissemination of PPT. As a learning platform, PPT can be used to promote other technologies which have a linkage to it. For example, during off season, the PPT plots had sufficient soil and residual moisture which farmers used it to grow chick pea. The high demand and good market prices for chickpeas in Addis Ababa and other big cities was a strong incentive for other farmers to participate in PPT. This was because, during dry season, only PPT farms in the area had some residual moisture due to soil cover provided by Desmodium. This was an incentive:
"For the sustainability of this technology, we need to supply seeds for planting and target young farmers and develop local structures on seed supply…… PPT is setting up the pace for accepting other new technologies. We have to use the existing platforms for us to get maximum benefits and, for its sustainability, we have to ensure seed source from own production." (KI Interview, Women and youth affair affairs expert, Bako Tibe, April 2014) .
Sufficient production and distribution of Desmodium and Brachiaria seeds forms the basic component for sustainable expansion of the technology. The involvement of farmers in PPT seed collection and production is a very important practice towards achieving this goal. This can only be achieved if the farmers and traders will have the interest to invest in seed production and distribution.
"Bako research center has no mandate to produce and sell the Desmodium seeds; we are only engaged in conducting research and producing breeder seeds. However, we can provide leadership on the distribution of the produced seed i.e., support seed production and coordinate the distribution, but the government authorities should provide guidelines on production and distribution." (KI Interview, researcher Bako Research center, November 2014) .
"Farmers in the area know Desmodium as new crop which came from the research centers, it is not an indigenous crop. It was introduced as a fodder and cover crop for livestock and in coffee farms. Farmers at the same time had no knowledge on seed production, processing and selling as a source of income. This is an opportunity for learning and to meet the demands of the new and emerging Desmodium seed market." (KI interview, researcher Matuu Agric Res Center, March 2014) .
There is huge production potential for silver leaf and modest quantity for green leaf Desmodium from the Yayu and Jimma areas adjoining forests and along the farm hedges. This is an opportunity for the youths and women farmer groups to participate in PPT through Desmodium seed collection as a response to the demand and market for supplying Desmodium seeds for the new PPT farmers in the country. For instance, 3 tons Desmodium seeds were bought by icipe in March/April 2015 from the farmers, Metu and Jimma Research Centers, and agro-dealers in Jimma. This was a good incentive for the producers to collect more seeds and an opportunity to generate cash income for the farmers. The market linkage was associated as a measure for sustainability of PPT. The private agro-dealers have an existing network of seed collection and distribution and Desmodium is one of the seeds collected and traded. That means, the successful promotion and expansion of PPT will increase their market penetration with Desmodium seeds and this has significant influence on the sustainability of PPT.
Applying PPT knowledge as training content
PPT content is suitable as a curriculum material not only for training farmers, but also for training college students. The participation of college tutors and students during farmers' field days was an opportunity for them to link theory with practical realities on the farmers' fields. This stimulated their interest to learn more with intentions to apply the knowledge when they graduate. They learnt that, the technology touches on key sectors of their training: crops, livestock and natural resources management. This was noted by one of the students who participated during the farmer field days:
"PPT is simple to implement, it is cheap, uses less expensive inputs, it is very important for the livelihood of the farmers. Bako College is a center of excellence for training Development Agents (DAs) in plant science and animal health. Including PPT in our curriculum will be an opportunity for information transfer to the students who will finally become DAs….and will transfer the same knowledge to our farmers." (Interview, student Bako College, April 2015) . This statement was backed up by another tutor from the college:
"PPT field day provides an opportunity for the teachers to learn and have experience with the new technology. Now with practical knowledge, it is easy to read and understand and transfer to learners who will become DAs…. This is a perfect opportunity for introducing the technology as The critical basis for stakeholder collaboration and cooperation is trust which is built and maintained through regular meetings, openness, transparency and offering something of immediate importance to the stakeholders . However, building trust is a major practical challenges facing TDR process among the stakeholders with diverse interests, disciplinary backgrounds and experiences.
Therefore, attention has to be given to building trust in order to make the process a success. The PPT implementation process follows maize crop phenology and covering several cropping seasons. The stakeholder interaction during these seasons has the potential to generate mutual relationship and agreements and among the stakeholder involved. Sometimes, it can also lead to disagreements. As opined by Cundill et al. (2015) , in normal situations, for such interaction to come to a point of developing trust requires some time and sustained interaction. During PPT implementation over successive seasons, the stakeholders have an opportunity to frequently interact and learn over common and emerging issues related not only to stemborer pest control and other farming enterprises, but also strong relationship among the stakeholders.
According to Wenger (2000) , people must know each other well enough to be able to interact productively and know who to call for help or advice. They must trust on each other and also have no doubt on their willingness to contribute to the common enterprises of their community. This makes them to feel comfortable and to openly discuss and speak truthfully to each other in an attempt to address their common challenges. In Ethiopia, for example, as an outsider, I made observation that there is a culture of benevolent trust among the people especially in the rural areas. This means that nobody is willing to share information which can lead to harm a neighbor. They may prefer to keep useful information rather than share what is injurious to their neighbors. This is because the consequences will be known and seen an enemy to the other members. This culture makes them share information on new technologies or opportunities which directly are meant address their real life challenges expecting similar response in future. For example, achieving the expected increase in maize production by 4-5ton/ha and provision of high quality livestock fodder which are associated with introduction of PPT, is an incentive of immediate benefit for the farmers and other stakeholders to develop interest and share information regarding the technology. However, at the same time, if these farmers don't trust the source of information, they could easily give up on its benefits. The trust is even higher if the information is from a competent based source i.e the person is knowledgeable about a given subject. Such a culture of appreciating new information from competent based sources and sharing it freely is an entry process to the learning journey. "Farmers easily trust new technologies if it is from competent contacts or sources in the community such as lead farmers, extension staff and researchers whom it is assumed have already tested or put into use before introducing or recommending it to us" comment from a PPT follower farmer during FGD. There may be histories of mistrust or communication barriers between farmers, researcher and extension services providers in the past, however, TDR approach, it may have contributed to some extent to some sort of improved ties between the different stakeholders. Therefore, the researchers, extension staff and smallholder farmers started to work together towards solving a common problem of stemborer pest from the point of trusting each other's contributions. Although building such trust requires time which is longer than the time than this study period, however, some 'sort of ties' prevailed which ensured that implementation process was initiated:
"I learnt that the Ethiopian farmers are interested to take up and adopt PPT more than Kenyan and Ugandan farmers. It will take a short time to achieve the high adoption numbers due to the fact that we trust new information from competent sources so long as it addresses the problem at This observation was based on the fact that PPT technology has been promoted in Kenya and Uganda for longer time than in Ethiopia. The reasons cited for low adoption rate was related to the commitments by the research and extension systems of these countries which had not taken up the technology at policy levels and promotion mainly supply and research led. The Ethiopian ministry of agriculture officials requested for the introduction of PPT into the country from the icipe researchers with the support of donors in the year 2012. This signifies high level of trust the MOA officials have on icipe researches and also commitment for new information to address the problem of stemborers. However, this dependence on research and extension officers as the main source of information and knowledge on new technologies is not sustainable on the long-run. For example, every year the government sets aside 30 days dedicated for soil and water conservation efforts. The farmers are compelled to participate in digging terraces, planting soil cover crops such as vetiver grasses on the sloppy areas. In most instances, this has degenerated to mistrusts, whereby the farmers don't trust the intention of the government officials whether from research centers or extension services. This is also linked to some of the cases where the DAs are used to collect 'taxes' on behalf of the government. The farmers are forced to cooperate and according to the political power needs. This is completely conflicting with agricultural extension activities where farmers are supposed to be treated with freedom and trusting by the extension agents.
Farmers often have some apprehension new technologies whenever introduced in their localities.
Connecting with the previous experiences during SG2000 technology promotion, the farmers were not sure what PPT had in store for them. This was attributed partly to lack of enough information at the initial stages of implementation. However, through continuous interactions with researchers and extension personnel, they were slowly appreciating the technology and learning in detail on how it functions. For example, the farmers had noticed that with their current maize crop, the perennial pest problem of stemborer and birds had dropped:
"I haven't seen stemborer attack this time round in my maize field…. This is contrary to during the normal cropping season, the stemborer always infest stems and birds always attack the maize tassel…. I think birds are searching for stemborer eggs on the maize tassel, hence breaking it… I hope this Desmodium protects maize from stemborer and from birds…. I will continue to observe this trend in the coming seasons. In future I will make some conclusion". (PPT Farmer interview,
April 2015, Dembi Gobu, Bako Tibe).
However, this observation did not last long. Towards the end of season, the birds started attacking the maize crop but the effect was less, because the cobs had already matured and it was difficult for the birds to feed on mature maize cobs. This was an advantage to the farmer. This keenness of the farmers to make observation and try to make sense of it either by conducting own research or engaging researchers for further discussions was a significant step towards appreciating the technology. This was not only in addressing the pest problem, but also an opportunity for to learning by seeking answers to 'new observations' made. For example, why the birds did not recognize the maize earlier? Was maize made invisible as a result of intercropping with Desmodium? Some of these questions were raised by the farmers based on the observations made for the first time and during the first cropping season. However for certainty, they decided to continue to follow on this observation for some time and during subsequent seasons. They hoped that after 2-3 years of continuous cropping, they shall have formed an opinion based on the long term observations on the performance of the technology and even make recommendations for changes or adaptations. In the meantime, it came out from the discussions that, there is no scientific method so far for scaring or control birds. Locally the farmers use a cassette tape ribbon which they wind along the orders of the maize field. The hissing sound and reflection produced by the ribbon due to the winds blowing is used scare the birds. However, this is effective for small plots of land, of less than half a hectare (½ ha). On the larger fields, they rely on manual birds scaring away mainly by throwing stones into the maize plantation. This lasts for about 2 weeks, after which the maize cobs mature and the birds cannot manage to feed on them. However, during off-season crop, the population of birds is too high and feeding on the grain can be intense within a very short period of time, causing huge loses to the farmer.
Conclusion
The article shows that effective collaborative leadership and empowerment provides a chance especially for the farmer stakeholders to participate in the technology learning and decision making by enabling them to contribute skills towards development, refinement and adaptation of Push Pull Technology. The personalized interest among the researchers and other stakeholders is linked with the newness and first time introduction of the in the study area in order to partake its emergent opportunities and relationships.
Although PPT perennial nature of cropping provides opportunities for empowerment through continuous interaction and learning, it requires committed leadership and institutional engagements during the initial stages of implementation from the researchers and other stakeholders. In the transdisciplinary research process, leadership roles taken by farmers is empowering in terms of their ability to reflect on their own practices and drawing on scientific explanations from researchers. It also enables them take lead in new technology implementation and information sharing in free and easy manner with fellow farmers and other stakeholders. Despite implementation process undertaken on a joint basis, the different stakeholders represented their respective interest group. That means that collaboration with 'personally' committed leadership is most likely to contribute to the sustainability of PPT activities when the personal interests are met first. The immediate PPT benefits will sustain the stakeholder interests and gain their trust for continued interaction and learning about PPT. Market forces and the involvement of private sector players also have a role to achieve this as shown by the interests of individual farmers and traders on Desmodium and Brachiaria seed production, collection and distribution.
The findings shows that, in a situation where there are conflicts, either disciplinary nature or practice based, they should be embraced and become opportunities for in-depth learning, finding solutions and adaptation of rather than being sources of contradictions or misunderstandings about PPT. That means new challenges which come with such new technology should be addressed and developed in situ and used as the essential points of learning for further research or improving practice.
The sustainability of the PPT activities and the transdisciplinary processes requires a longer term evaluation study. That is why a follow ups to this study should be considered to document the changes
